Abstract: C-reactive protein and albumin are associated with poor outcomes in critically ill patients. This study aimed to investigate the significance of the C-reactive protein/albumin (CRP/ALB) ratio as a novel prognostic factor for 30-day or 1-year mortality after admission to the postoperative intensive care unit (ICU). This retrospective study was conducted by examining the medical records of postoperative patients aged 19 years or older admitted to the ICU at a tertiary care hospital from January 2007 to July 2016. This study included data on 11,832 postoperative patients in the analysis. The cut-off value of the CRP/ALB ratio was set at 1.75 and 1.58 for 30-day and 1-year mortality after ICU admission, respectively. In postoperative patients with a high CRP/ALB ratio (>1.75 or >1.58), the probability of death within 30 days or 1 year after ICU admission were 30% or 43% higher than that in the group with the least CRP/ALB ratio, respectively (≤1.75 or ≤1.58)(p < 0.05). This study found the CRP/ALB ratio measured immediately after ICU admission to be an independent risk factor for 30-day and 1-year mortality in postoperative patients admitted to the ICU.
Introduction
The C-reactive protein (CRP) and albumin are widely used as serum inflammatory markers to predict mortality in critically ill patients [1, 2] . The prognostic roles of CRP and albumin can be explained by their abilities to reflect inflammation in the acute phase in critical settings [3] and in the malnutrition status of critically ill patients, respectively [4, 5] . Hence, many studies have recently investigated whether the ratio of CRP to ALB can effectively reflect the prognosis of critically ill patients diagnosed with severe sepsis or septic shock [6, 7] . These previous studies have reported that the CRP/ALB ratio measured on admission was an independent risk factor in patients with severe sepsis or septic shock.
However, few studies have ever attempted examining the prognostic value of the CRP/ALB ratio in all general ICU patients or in postoperative patients admitted to the ICU. Given that a surgical stress-induced inflammatory response occurs during the postoperative period [8] , a number of studies have claimed that postoperative CRP/ALB ratio is an indicator of postoperative prognosis [9, 10] . Therefore, the CRP/ALB ratio measured on admission to the ICU may be highly associated with the outcome in postoperative ICU patients.
The present study, therefore, aimed to investigate whether CRP/ALB ratio on admission to the ICU in postoperative patients is associated with the 30-day and 1-year mortality after ICU admission. It also aimed to determine the optimal cut-off point of CRP/ALB ratio in postoperative patients on ICU admission and to examine this as a novel prognostic factor in this study.
Materials and Methods
This retrospective observational study obtained approval from the Institutional Review Board of Seoul National University Bundang Hospital (SNUBH) (approval number: B-1710/424-104; approval date: 26 September 2017). The SNUBH is a tertiary care hospital with 1360 beds, of which 102 were critical care beds (medical, surgical, neurologic, and emergency I and II). Additionally, nearly 150 elective or emergency operations were performed in 38 operating rooms. The institution has been maintaining accurate medical records after establishing an electronic medical record system in 2003. This study examined the medical records of patients aged 19 years or older who underwent either elective or emergency surgery at SNUBH and were admitted to the ICU from 1 January 2007 to 31 July 2016. During the study period, the indication for ICU admissions in postoperative patients was determined by the anesthesiologists based on the underlying disease and surgical severity. For those who were admitted to the ICU more than twice, only the last admission was included in this study. We excluded those who did not undergo laboratory tests to provide CRP and albumin data on the same day after the postoperative ICU admission. Additionally, postoperative ICU admissions after major hepatectomy or liver transplantation were excluded from the analysis. This is because severe liver dysfunction could cause the deficiency of CRP or albumin production.
At baseline, we collected demographic data, surgery-related data, history of underlying diseases, laboratory data after ICU admission, and accurate death dates of postoperative patients. With a history of underlying hypertension and diabetes mellitus, pre-admission diagnosis and regular intake of medication were added to the inclusion criteria. The American Society of Anesthesiologists classification was based on the patient's immediate records prior to surgery. The Acute Physiology and Chronic Health Evaluation II (APACHE II) score was based on the patient's records on ICU admission. Preoperative laboratory results were tested within one month before surgery. However, the CRP or albumin data used in this study were the results of laboratory tests performed, using venous or arterial blood samples of postoperative patients within 24 h of ICU admission. If multiple tests were performed, the results of the test closest to the time of postoperative ICU admission were used for the analysis. During the study period, CRP (mg L -1 ) and albumin (g L -1 ) were measured consistently by the Department of Laboratory Medicine (normal ranges: 0-10 of CRP in mg L -1 , and 35-50 of albumin in g L -1 ).
Under the approval of the Ministry of Interior and Safety in the Republic of Korea, the exact date of death was set as 14 August 2017 for all patients including those who were lost to follow-up.
In this study, we investigated whether the CRP/ALB ratio, a primary outcome indicator, has effect on 30-day and 1-year mortality in postoperative patients after ICU admission using the cut-off point of the CRP/ALB ratio set for that purpose.
The baseline characteristics of all patients were presented as median with interquartile range or number with percent. We set the optimal cut-off point for the CRP/ALB ratio by using the receiver operating characteristics (ROC) curve analysis for 30-day and 1-year mortality after postoperative ICU admission. Furthermore, a univariate Cox regression analysis was performed to determine the probability of 30-day or 1-year death in postoperative patients after ICU admission. We fitted a multivariate Cox regression model with significant variables (p < 0.05) from the univariate Cox regression analysis. To prevent interactions among variables, the APACHE II score, CRP, and duration in the hospital were excluded. To verify whether each variable in the selected multivariate Cox regression model satisfied the Cox proportional hazard assumptions, the 'log minus log plot' was used.
Among the variables, 'emergency operation' and 'diagnosis of cancer' failed to satisfy the assumptions and were included in the Cox proportional hazard model as stratification variables. The analyses were performed using the IBM SPSS 24.0 and R version 3.3.2. (IBM SPSS Statistics for Windows, IBM Corp Armonk, NY, USA). A p value of < 0.05 was considered statistically significant.
Results
A total of 17,216 postoperative patients were admitted to the ICU at SNUBH from 1 January 2007 to 31 July 2016. Of these patients, 1281 cases were excluded because a serum CRP test or serum albumin test was not performed on the same admission day to the ICU. A total of 1594 cases where the CRP and albumin levels were not simultaneously obtained from the venous or arterial sample were also excluded from the analysis. Additionally, 2136 cases were excluded because the corresponding patients were admitted to the ICU more than twice. Lastly, 373 cases of postoperative admissions after major hepatectomy or liver transplantation were excluded from the analysis. Finally, data on 11,832 cases were analyzed ( Figure 1 ). The baseline characteristics of all patients are presented in Table 1 . Overall, 745 (6.3%) and 2246 (19.0%) of postoperative patients died within 30 days and 1 year, respectively. 
Cut-off Point of CRP/ALB Ratio for Postoperative 30-Day and 1-Year Mortality after ICU Admission
Based on ROC curve analysis for postoperative 30-day and 1-year mortality after ICU admission, area under the curve was 0.648 and 0.645, respectively (Figure 2a,b) . The optimal cut-off point of CRP/ALB ratio, with equal values of sensitivity and specificity, were 1.75 for postoperative 30-day mortality and 1.58 for 1-year mortality after ICU admission. Table 2 shows the results of univariate and multivariate Cox proportional hazard models for the analysis of 30-day mortality in postoperative patients after ICU admission. The Cox proportional hazard model revealed that an increase of 1 for the CRP/ALB ratio was associated with an 7% increase in 30-day mortality risk (hazard ratio (HR): 1.07; 95% confidence interval (CI): 1.05-1.09; p < 0.001). Furthermore, the probability of death following ICU admission in the high CRP/ALB group (>1.75) was 30% higher than that in the low CRP/ALB group (≤1.75) (HR: 1.30; 95% CI: 1.11-1.53; p < 0.001). Table 3 shows the results of the univariate and multivariate Cox proportional hazard models for the analysis of 1-year mortality in postoperative patients after ICU admission. The Cox proportional hazard model revealed that an increase of 1 for the CRP/ALB ratio was associated with an 8% increase in 30-day mortality risk (HR: 1.07; 95% CI: 1.06-1.09; p < 0.001). Furthermore, the probability of death following ICU admission in the high CRP/ALB group (>1.58) was 43% higher than that in the low CRP/ALB group (≤1.75) (HR: 1.43; 95% CI: 1.31-1.57, p < 0.001). Table 4 shows the results of the subgroup analysis in relation to postoperative 30-day and 1-year mortality after ICU admission according to types of surgery, diagnosis of cancer, and ICU admission after emergency surgery. Orthopedic, obstetric, and gynecologic surgery, and the urologic surgical group showed the highest postoperative 30-day mortality among types of surgeries according to CRP/ALB ratio (HR: 1.17; 95% CI: 1.10-1.24; p < 0.001). In addition, postoperative 1-year mortality after ICU admission according to CRP/ALB ratio was highest in the cardiovascular or thoracic surgical group (HR: 1.11; 95% CI: 1.08-1.13; p < 0.001). Diagnosis of cancer before surgery was associated with increasing postoperative 30-day and 1-year mortality after ICU admission (p < 0.001), while ICU admission after emergency surgery was associated with increasing postoperative 1-year mortality (p = 0.006) only. * Hazard ratios were derived from multivariate Cox regression models using all covariates in 12 subgroup analysis. OBGY, obstetric and gynecologic; OPH, ophthalmic; ENT, ear-nose-throat; DT, dental; CRP, C-reactive protein; ICU, intensive care unit.
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Discussion
The present study found that 30-day and 1-year mortality following postoperative admission to the ICU varied independently with the CRP/ALB ratio on admission, with a positive correlation. This significant finding was obtained in the multivariate Cox proportional hazard model which reflected the types of surgery performed, status of underlying disease, and various laboratory data available on ICU admission. We also suggested the cut-off point of 1.58 and 1.75 that was independently associated with 30-day and 1-year mortality, respectively in postoperative patients after ICU admission. The values can be used as a standard in clinical practices.
The most important issue in this study was the process of determining the cut-off point of the CRP/ALB ratio. In the present study, we derived the cut-off point using the ROC curve analysis, as 0.648 for 30-day mortality and 0.645 for 1-year mortality after ICU admission. The resulting value was 1.75 for 30-day mortality and 1.58 for 1-year mortality after ICU admission, with equal values of sensitivity and specificity. Many previous studies regarding CRP/ALB ratio used ROC curve analysis to determine the cut-off values affecting prognosis of the patients [6, 7, 11] . The cut-off values differed between studies, thus reflecting the differences in the characteristics of the patients in these studies. It is, therefore, necessary to set the reference value of the CRP/ALB ratio by taking into account the characteristics of the study population. For examples, patients with sepsis or septic shock had higher value of CRP/ALB ratio as a cut-off value than in our study. Ranzani et al. [7] proposed the CRP/ALB ratio cut-off point as 8.7 on ICU admission and 2.0 at discharge. Kim et al. [6] subsequently suggested the cut-off value of 5.09 on ICU admission and 0.91 at 74 hours after ICU admission. Considering that the patients with sepsis usually had higher values of inflammatory markers such as CRP or procalcitonin [12] , CRP/ALB ratio in these patients would have higher ratio than with other studies including our study.
Secondly, CRP/ALB ratio for cancer patients should also be considered. The CRP/ALB ratio was initially used as a novel prognostic factor in patients with cancer [13] . However, previously, in 10 studies, the cut-off point of 0.0300-0.6712 was used when examining the association between the CRP/ALB ratio with cancer outcomes in patients with solid cancers [11] . Many postoperative patients in our study were cancer patients (3875, 32.8%); and being diagnosed of cancer was significantly associated with increased 30-day and 1-year mortality after ICU admission in our subgroup analysis. Third, the postoperative setting characteristics should also be considered. The present study can be differentiated from other studies based on the fact that it used the CRP/ALB ratio measured immediately after postoperative ICU admission. The CRP level reflects a complex interaction of stressful conditions such as surgical invasiveness and infection sign [8] . On the other hand, the albumin level is directly influenced by the patient's underlying nutritional status and the perioperative care including fluid loss [14, 15] . Thus, it is better to combine CRP and albumin to predict the postoperative outcome. Such a combination would be definitely required for critically ill patients who require postoperative ICU care. In the present study, we made a novel attempt using the CRP/ALB ratio measured immediately after postoperative ICU admission in adult patients rather than a limited population of patients specific to the types of disease or surgery and thereby, proved the prognostic significance of the CRP/ALB ratio. Lastly, the relationship between CRP/ALB ratio and liver dysfunction could be an important issue for prognosis in postoperative ICU patients in our study. Progression of chronic liver disease or hepatic dysfunction had a positive correlation with CRP and negative correlation with albumin [16] . Furthermore, the resection of the liver could be a significant risk factor for postoperative hepatic dysfunction [17] , and it might have elevated CRP/ALB ratio in the postoperative period. We excluded major hepatectomy or liver transplantation from our analysis to avoid the impact of surgery-induced hepatic impairment. However, there were 2013 (17.0%) patients with preoperatively increased liver enzymes (aspartate aminotransferase, or alanine aminotransferase > 40 U L -1 ), which could affect our outcome regarding CRP/ALB ratio. However, all preoperative laboratory tests including liver enzymes were included in our multivariate Cox proportional hazard model for the 30-day or 1-year mortality. Therefore, non-surgery-induced preoperative hepatic dysfunction was considered to have had an effect on the CRP/ALB ratio in our study among the patients.
This study had several limitations. First, as commonly found in studies conducted at a retrospective single center, bias may exist in the results, and the lack of generalizability cannot be ruled out. Second, the study population might be considered heterogeneous in the absence of quantifiable and specific postoperative ICU admission indications. Third, the CRP and albumin tests were not performed simultaneously on all patients, although we included those who had the CRP and albumin data measured within 24 h after admission to the ICU. Fourth, the exact death date was confirmed for all the patients; however, we could not identify the specific causes of death. Finally, analysis was not conducted on the training cohort and the validation cohort separately. However, since the general cut-off of CRP/ALB ratio had not been determined previously, we concluded that it would be better to present a cut-off for the cohort with many patients. Therefore, this study focused on the suggestion of a cut-off for the cohort in our hospital as the training cohort.
Conclusions
In conclusion, the present study identified the CRP/ALB ratio measured immediately after admission to the ICU as an independent risk factor for 30-day and 1-year mortality in postoperative patients receiving ICU care. 
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